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PROCESS FOR THE PREPARATION OF SUPPORTS FOR SOLID PHASE 

SYNTHESIS 

The present invention relates to a method of preparing support materials useful 
in solid phase chemical synthesis processes together with the solid materials produced 
thereby and intermediates used in the process. The support materials are useful in solid 
phase synthetic processes for the production of a variety of organic molecules, in 
particular peptides. 

The multi-stage synthesis of an organic molecule typically involves numerous 
isolation steps to separate intermediates, produced at each stage, before progressing to 
the subsequent stage. These intermediates often require purification to remove excess 
reagents and reaction by-products and will include procedures such as precipitation, 
filtration, bi-phase solvent extraction, solid phase extraction, crystallisation and 
chromatography. 

If the reaction chemistry is well defined, many of the isolation procedures used 
in solution phase synthesis are avoided by reversibly attaching the target molecule to a 
solid support in a way analogous to the use of a protecting group in a traditional 
synthesis. Excess reagents and some of the side-products can thereby be removed by 
filtration and washing of the solid support. Providing that the reactions are efficient and 
no solid support is lost, the target molecule is recovered in essentially quantitative yield, 
an objective rarely achieved in solution phase synthesis. In addition the time required to 
perform operations on a solid support is generally accepted to be a fifth of that required 
to carry out the equivalent stage in a solution phase synthesis. Another advantage of the 
solid phase approach is that the whole assembly is carried out in a single reactor. 

There are disadvantages to the solid phase approach however. In particular, 
commercially available supports commonly used for solid phase synthesis of peptides 
allow a comparatively low loading (<1mmol/g) of reagent, resulting in reactions being 
carried out at a higher dilution than would normally be achievable in solution. To 
counteract this, reagents used to carry out the stepwise solid phase assembly are 
normally used in large excess (3-6 equiv.) and although the excesses are readily 
removed in the solid phase approach this can add an unnecessary burden on the 
economics of the process. 

Some improvements in terms of increasing the loading of the solid support and 
solid phase peptide synthesis have been reported. Epton, R. et al; (1985); Int. J. Biol. 
MacromoL, 7, 287-298 describes the use of a bead-form phenolic core polymer as a 
support matrix. Modified forms of this matrix material, in which the phenolic core is 
condensed with protected tyrosine are described by Epton, R. et aL, in Peptides 1986, 
Proceedings of the European Peptide Symposium, Ed., Theodoropolulos, D.; Publ., 
Walter de Gruyter, Beriin, 1987, p151-154. 
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Kates et al., Peptide Science, 47. 5, 1998, 365-380 describes the introduction of 
polyethylene glycol into solid phase supports to increase the hydrophilicity of the support. 
Ornithine which is differently protected on each amino group was added to amino 
functionalised polystyrene, and one protecting group removed so as to allow for bond 
5 formation with polyethylene glycol (PEG) by way of a carboxylic acid group which is 

thereby introduced into the chain. This increases the number of available linking groups, 
but the loading of the resins was only 0.3-0.5mmol/g. Solid phase dendrimer synthesis 
involving repeated treatments of a functionalised support with methyl acrylate and 1,3- 
propanediamine to produce a structure branched as a result of the production of tertiary 

10 amine groups has been described by Wells et al., Peptide Science, 47 (1998) 385-396. 

The applicants have found a method by which a support can be modified using 
simple process steps to significantly increase the loading capacity, in particular for 
peptide synthesis, where it is particularly suitable and economic for large scale 
manufacture of peptides. 

15 The present invention provides a method for preparing a solid support material 

for carrying out a chemical reaction, the said method comprising the following steps: 

(i) reacting an amino functionalised solid material with a carboxylic acid having 
at least two similarly protected amino groups to form amide bonds between them, 

(ii) removing the protecting groups in a single step, 

20 (iii) optionally repeating steps (i) and (ii) one or more times, using the product of 

the preceding step as the amino functionalised solid material, and 

(iv) connecting a linkage agent to at least some of the free NH2 groups of the 

product. 

The product of this method is an amino functionalised branched amide- 
25 containing organic structure with the amino groups connected to a linkage agent. 

This method provides a simple means of increasing the loading capacity of a 
support material without the need for complex chemical processing. The number of sites 
available to attach to linkage agents increases as a result of the production of branches. 
The number of branches available in step (iv) will depend upon the number of NH2 
30 groups present in the final product, and this is a function of the number of free NH2 

groups within the carboxylic acid structure and the number of times step (iii) is repeated. 

The carboxylic acid used in the process is suitably an amino acid containing 
more than one amino group. Conveniently, this may comprise a naturally occurring 
amino acid such as lysine or ornithine but synthetic acids may also be used. 
35 Suitable protecting groups for use in the process would be understood in the art, 

as would the means by which they may be added and subsequently removed. Examples 
of suitable protecting groups include 9-fluorenylmethoxycarbonyl (Fmoc) and tert- 
butoxycarbonyl (Boc). Protected forms of amino acids such as Fmoc and Boc protected 
forms are known in the art or they can be prepared using conventional methods. 
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The coupling reaction (i) and the reaction of step (iv) above are suitably carried 
out in an organic solvent such as N,N-d!methy!forrr!am!de (DMF) or N- 
methylpyrrolidinone (NMP) in the presence of a coupling reagent. Coupling reagents 
include those known in the art of peptide synthesis, see for example those coupling 
5 reagents disclosed by Wellings, D.A.; Atherton, E.; in Methods in Enzymology, Publ., 
Academic Press, New York (1997) incorporated herein by reference, such as those 
comprising carbodiimides, especially dialkyi carbodiimides such as N,N'- 
diisopropylcarbodiimide (DIG), and reagents that form active esters, particularly 
benzotriazole active esters in situ, such as 2-(1 H-benzotriazole-1-yl)-1 ,1 ,3,3- 

10 tetramethyluronium tetrafluoroborate (TBTU) or benzothazole-1-yloxy-tris- 

(dimethylamino)phosphonium hexafluorophosphate (BOP), optionally in the presence of 
a base such as diisopropylethylamine (DIPEA) or N-methylmorpho!ine (NMM); or any 
other suitable activating agent common in the art of peptide synthesis. 

The deprotection reaction conditions used in step (ii) will depend largely on the 

15 nature of the particular protecting group used and will be readily apparent to chemists. 
For instance, reaction with a base such as piperidine will result in the removal of 
protecting groups such as Fmoc groups and the reaction is suitably effected in an organic 
solvent such as N,N-dimethylformamide (DMF) or N-methylpyrrolidinone (NMP). 

As used herein, the term "branched amide-containing organic structure" 

20 describes organic moieties which have a plurality of optionally substituted hydrocarbyl 
chains, each of which may be for example of from 2 to 12 suitably from 2 to 8 carbon 
atoms in length, and may be optionally interposed by a heteroatom, such as oxygen, 
nitrogen and sulphur. At least some of the chains are linked together by way of amide 
bonds, formed during the method of the reaction. Each chain of hydrocarbyl atoms may 

25 itself be branched. At least some, and preferably substantially all of the chains of the 
branched structure will carry a linkage agent or a protected form thereof. 

Optional substituents on the hydrocarbyl chains may include any group which 
does not interfere with the subsequent reactions to which the support material will be 
subjected. Oxo substituents will be present as a matter of course on the hydrocarbyl 

30 chains as a result of the formation of amide bonds in the branched structure. Other 
possible substituents include substituted amines such as di-alkyi amines, further oxo 
substitutents, ether groups such as alkyi ethers, thioethers such as alkyl thioethers, 
aikenyls, alkynyis, nitro, halo in particular fluoro and amides such as alkylamides. 

Similarly, heteroatoms such as sulphur, oxygen and nitrogen, may be interposed 

35 in the hydrocarbyl chains, in addition to the nitrogen atoms present as a result of the 
formation of the amide bonds, provided they do not interfere with the subsequent 
reaction. 

As used herein, the expression "hydrocarbyl" refers to any structure comprising 
carbon and hydrogen atoms. For example, these may comphse or be derived from alkyl, 
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alkenyl, alkynyl, aryl, heterocyclyl, alkoxy, aralkyl, cycloalkyi, cycloalkenyl or cycloalkynyl 



alkenyl groups are atkenylene groups, etc.. 

In this specification the term 'aikyl' when used either alone or as a suffix includes 
5 structures containing up to 20, preferably up to 10 and more preferably up to 6 carbon 
atoms. Similarly the terms "alkenyl" and "alkynyl" refer to unsaturated straight or 
branched structures containing for example from 2 to 20, preferably from 2 to 10 carbon 
atoms. Cyclic moieties such as cycloalky!, cycloalkenyl and cycloalkynyl are similar in 
nature but have at least 3 carbon atoms. Terms such as "alkoxy" comprise alkyi groups 

10 as is understood in the art. 

The term "halo" includes fluoro, chloro, bromo and iodo. References to aryl 
groups include aromatic carbocylic groups such as phenyl and naphthyl. The term 
"heterocyclyl" includes aromatic or non-aromatic rings, for example containing from 4 to 
20, suitably from 5 to 8 ring atoms, at least one of which is a heteroatom such as oxygen, 

15 sulphur or nitrogen. Examples of such groups include furyl, thienyl, pyrroiyl, pyrrolidinyl, 
imidazolyl, triazolyl, thiazolyl, tetrazolyl, oxazolyl, isoxazolyl, pyrazolyl, pyridyl, 
pyrimidinyl, pyrazinyl, pyridazinyl, triazinyl, quinolinyi, isoquinolinyl, quinoxalinyl, 
benzothiazolyl, benzoxazolyl, benzothienyi or benzofuryl. 



20 character. The term "aralkyl" refers to aryl substituted alkyI groups such as benzyl. 

As used herein, the term "linkage agent" refers to a molecule which can link 
between the branched solid support material and an assembling molecule to allow it to 
take part in subsequent reaction procedures, and subsequently be cleaved to release the 
product undamaged from the support. Such molecules may bear protecting groups such 

25 as 9-fluoreny!methoxycarbonyl (Fmoc) and tert-butoxycarbonyl (Boo) which may be 

removed to allow the linkage agent to take part in a subsequent reaction. Examples of 
suitable linkage agents are those listed for example in Methods in Enzymology, Publ, 
Academic Press, New York, Section I, pi 26-1 74 (incorporated herein by reference). In 
particular they will comphse linkage agents used in peptide synthesis and which can 

30 couple to amino functionalised supports such as 4-[[1-(9-fluoren-9-yl)- 

methoxyformamido]-2,4-dimethoxybenzyl]-phenoxyacetic acid (the 'Rink' linkage agent, 
the group called herein "Fmoc-Linker-Am-OH", of structure (i)), 




Heteroaryl" refers to those groups described above which have an aromatic 
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(i) 

as well as 4-hydroxynnethylbenzoic acid, 4-hydroxymethylphenoxy acid or any other 
linkage agents recognised in the art of solid phase synthesis. 
5 The number of branches and therefore the potential number of linkage agents 

which may be conveniently and advantageously attached to the polymeric material will 
depend on steric factors, such as the length of the chains within the branched amide- 
containing structure, as well as to the nature of the linkage agent used and the purpose 
to which the material is to be put. However, in general, the process is effected such that 
10 the support material obtained has from 2-10 branches, such as from 2-8 branches, and 
preferably about 4-6 branches in each structure. These can be coupled to linkage 
agents or protected forms thereof, and so be available for synthesis reactions. 

One embodiment of the method of the invention, where in step (iii), steps (i) and 
(ii) are repeated once to yield four free amino groups, is represented schematically in 
15 Scheme 1 hereinafter. In this scheme, following representations apply: 
S is a solid polymer core, with a single reactive site illustrated; 
is an organic moiety with n + 1 available points for bonding: 
is an organic moiety with m + 1 available points for bonding; 
R^ is either a bond or an organic bridging group; 
20 R"* and R^ are protecting groups; 

L is a linkage agent, or a protected form thereof; 

p is an integer of 1 or more, for example from 1 to 6, provided that p is 1 when 
R^ is a bond; and 

n and m are independently selected from integers of 2 or more, for example 
25 from 2 to 8 and preferably from 2 to 4 and most preferably 2 or 3. 

Suitable compounds of formula (I) are well known in the art. The solid polymer 
core 'S' in formula (I) may comprise polymers such as polyacryiamides, polystyrene or 
co-polymeric materials as well as inorganic solids such a glass or silica. Some of these 
reagents have amino functional groups available on the surface. In this case, in 
30 compounds of formula (I), R^ may be a bond, although a spacer group may be added if 
required. In other cases, the solid material as supplied may comprise different functional 
groups at the surface and in those cases, amino substitutents must be introduced in a 
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preliminary step. Methods by which this can be achieved are well known in the art. For 
example, polymeric materials with acid or ester functionalities at the surface may be 
reacted with primary or secondary amines as appropriate to form an amide bond and 
therefore complete the bridging group R^. in particular, reaction with an amine of formula 

5 (X) 

H2N-[(R^),NH)]y(R^),-NH2 
(X) 

where x is an integer of 2 or more, suitably from 2 to 6, y is 0 or an integer of 1 or more, 
suitably from 1 to 5, and each group z is independently 2 or more, for example from 2 to 
10 6, and each R^ and R^'are the same or different and are optionally substituted divalent 
hydrocarbyl groups, in particular optionally substituted alkylene groups and especially 
(-CH2-). In these compounds, y + 1 will be equal to p. 

A particular example of a compound of formula (X) are diamines such as those 
of general formula (XI) 
15 NH2-(CH2),-NH2 

(XI) 

where x is as defined above. A particular example of such an amine is ethylene-diamine. 

Where p is greater than 1, the group R^will bear more than one amino group 
and so the number of branches formed during the subsequent reaction stages will 

20 increase. Suitably therefore, in the compound of formula (X), y is 1 or more. An example 
of a multiple amine of formula (X) is diethyienetriamine (i.e. H2N -(CH2)2-NH-(CH2)2- NH2)- 

Suitable bridging groups R^ include optionally substituted hydrocarbyl chains of 
at least two carbon atoms and for example from 2-12 carbon atoms which may itself be 
interposed with a heteroatom such as oxygen, nitrogen and sulphur. Examples of such 

25 groups include, for example, groups of formula -(CR^R^ V, -R''-(CR^R'°)3R'\CR^R'°)b-. 
where each R^ and R^° is independently selected from hydrogen or an optional 
substitutent as described above, and R^^ is a cycloalkylene or arylene group, and a and b 
are independently selected from 2 to 12. 

Thus the nature of bridging groups R^tn the compounds of formula (I) to (IX) will 

30 depend to some extent upon the particular core polymer S used and the groups required 
to link to functionalities on the surface. In general, the bridging group will comprise a 
hydrocarbyl chain linked to the support S and one or more functional group derivatives 
such as amino, mono- or di-alkylamino or hydroxy groups. Thus an example of a 
bridging group R^ is a group of sub formula (XII) 

35 -R^2(fgH)p. 

(XII) 

where R^^ is C2_6 alkylene optionally interposed with for example oxygen, phenyiene; C3. 
scycloalkylene or -(CH2)rR^^- where R^^is phenyiene or C3.8cycloalkylene, and where p is 
as defined above. 
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Particular examples of bridging groups R^are 

-(CH2)2-NH- 

or 



-(CH2)2-N-(CH2)^NH- 

A particularly preferred compound of formula (I) is derived from a commercially 
available (Polymer Laboratories) solid, sold under the catalogue name PL-DMA. PL- 
DMA is prepared by copolymerisation of acryloyl-sarcosine methyl ester, N,N- 
dimethyiacrytamide and bis-acryloylethyienediamine. The procedure for preparation of 
the polymer core has been described by Atherton, E.; Sheppard, R. C; In Solid Phase 
Synthesis: A Practical Approach, Publ., IRL Press at Oxford University Press (1984) 
(incorporated herein by reference). In the commercially available form, the functional 
loading of the starting polyacrylamide supplied is Immol/g. The functional group on the 
PL-DMA is a methyl ester and this is initially converted to a primary amine functionality by 
reaction w/ith an alkyl amine as described above. 

Thus suitable solid supports of formula (I) include those listed in Table 1. 

Table 1 



Name 



Structure 



Comments 



Aminomethylpotystyrene 




Polystyrene 



Aminopolyethyleneglycol- 
polystyrene 



N PEG 1 Polystyrene 



Amino PEG (PEGA) resin 



Pepsyn/Polyhipe resins 



Inorganic supports 



PEGA resins are a copolymer 
of dimethyl acryiamide, 
mono-2-acrylamidoprop-1 - 
y![2-aminoprop-1- 
yl]polyethylene glycol and bis- 
2-acrylamidoprop-1 -yl 
polyethylene glycol. 
N.N-dimethytacrylamide 
(DMA) supported within a 
rigid macroporous structure. 
Amino functionaiised 



Available from most catalogue 
suppliers (e.g's. Bachem, 
Novabiochem, Advanced 
Chemtech). 
Amino functionaiised 
polyethyleneglycol (PEG) on a 
polystyrene core is commercially 
available under the trade name 
TentageL A similar support is 
available ^^om Perkin-Eimer. 
Commercially available from 
Novabiochem and Polymer 
Laboratories. 



Commercially available from 
Novabiochem 

e.g's controlled pore glass, silica. 



o o 
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Suitable organic moieties for and in compounds of formulae (II) and (V) 
respectively include optionally substituted hydrocarbyl groups which may be optionally 
interposed with heteroatoms such as oxygen, sulphur and nitrogen, or with carbocyclic or 
5 heterocyclic hngs. The precise nature of these groups is not critical provided that they 
are inert in the subsequent application to which the support material can will be placed. 
Preferably however, the compounds of formula (II) and (V) are protected forms of lysine 
or ornithine (where n and m are 2), and are preferably protected lysine. Suitable 
protecting groups R'^and R^ are described above and include Fmoc and Boc, but 
10 preferably Fmoc. 

Thus where the compound of formula (II) is lysine, the completion of Scheme 1 
will result in the production of a compound of formula (IXA) 



(LHN) 



15 



20 



25 



30 



NH 



(LHN)^R2CO^ 



H 



CONH 



Jp 



(IXA) 

where S, R^, R^, L, m and p are as defined above. Where the compound of formula (V) 
is also protected lysine, m is 2. It can be seen therefore, that where amino acids having 
two amino groups such as lysine or ornithine are used in the process of the invention, the 
total number of linkage agents L attached to each available site on the support molecule 
has been quadrupled following only one operation of step (iii) above. The level of 
branching can therefore be varied depending upon the number and nature of the amino 
acid residues interposed between the solid support and the linking groups. 

Solid support materials obtainable by the process of the invention are novel and 
these form a further aspect of the invention. In particular there is provided a compound 
of formula (IX) as illustrated in Scheme 1, wherein R\ R^ R^, L, n, m and p are as 
defined above. 

The precursors of these compounds (i.e. compounds Vl and VII of Scheme 1 
wherein R\ R^, R^, n, m and p are as defined above) are also novel and form further 
aspects of the invention. Thus the invention further provides a compound of formula 
(XIII) 



({[R20HN]^R2CONH}^R^CONH)pR3 



XIII 
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15 



20 



25 



30 



wherein S, R\ R^, R^, n, m and p are as defined in above, and R^° is hydrogen or an 



In these compounds, preferred values for the variables R\ R^ R^, n., m and p, 
are as described above. 

The solid support materials are suitable for use in the solid phase synthesis of a 
range of compounds including peptides. Thus in a further aspect, the invention provides 
a method for preparing a compound, which method comprises binding a reagent to a 
linkage agent of the support material of the invention, effecting one or more reaction 
steps to generate product, and thereafter cleaving said product from the support material. 

Using a solid support material in accordance with the invention, any required 
peptide can be prepared, for example using chemistry and techniques employed in 
traditional Fmoc-based solid phase peptide synthesis (Wellings, D.A.; Atherton, E.; In 
Methods in Enzymology, Publ., Academic Press, New York (1997) (incorporated herein 
by reference). The peptide can then be cleaved from the support and worked up using 
standard conditions (Wellings D.A. supra-incorporated herein by reference). Examples of 
peptides which can be prepared in this way include the peptides described in WO 
97/31023 and other therapeutic peptides. 

In general peptides will be produced in a stepwise manner as illustrated 
hereinafter. Specifically, peptides are prepared by coupling a protected amino acid to a 
linkage agent immobilised on a solid support, deprotecting the amino acid and thereafter 
coupling a further protected amino acid to said first amino acid and repeating said 
process until the desired peptide is produced. At the end of the sequence, the peptide is 
cleaved from the solid support. Suitably the coupling reaction is effected in a solvent 
such as N,N'-dimethylformamide (DMF) with an activated species prepared using a 
coupling reagent such as N,N'-diisopropylcarbodiimide in the presence of a compound 
that forms an active ester with such a coupling agent such asl-hydroxybenzotriazole 
(HOBt). Cleavage is suitably effected by addition of piperidine, although this will depend 
to some extent on the nature of the linkage agent as would be understood in the art. 

The applicants have found that where the amino acid is a protected 4- 
aminophenyl acetic acid (PAPA), a preferred coupling agent is 2-(1 H-benzotriazole-1-yl)- 
1 ,1 ,3,3-tetramethyluronium tetrafluoroborate (TBTU). Furthermore, a preferred base is 
diisopropylethylamine (DIPEA). Such reactions, in particular when effected using the 
support materials described above, form a further aspect of the invention. In this further 
aspect of the present invention, it is preferred that in couplings where the amino acid is 
other than a protected 4-aminophenyl acetic acid (PAPA), a preferred method is to use 
an activated species prepared using a coupling reagent such as a carbodiimide, often a 
dialkyl carbodiimide, and preferably N,N'-diisopropylcarbodiimide, in the presence of a 
compound that forms an active ester, such as 1-hydroxybenzotriazole (HOBt). 
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The invention will now be particularly described by way of example, with 
reference to the accompanying diagrammatic schem.es in which 

Scheme 1 is a generalised scheme illustrating the method of the invention, and 
Scheme 2 is a reaction scheme illustrating the preparation of a material of the 
5 invention and its use in the production of a target peptide. 



Example 1 

Preparation of Solid Reaction Support 



10 Step 1 

Reaction of ethylene-diamine with PL-DMA 



-I- MeOOC - 



PL-DMA 



20 



PL-DMA 



NHCO- 

PL-DMA resin (S.OOg, S.OOmmol) available from Polymer Laboratories with a 
15 molecular weight of 1000, was charged to a 500ml flask equipped with overhead stirrer. 
Ethylene-diamine (150ml) was added and stirred for 18 hours. The resin derivative was 
filtered through 500ml sintered glass funnel fitted with a 1L Buchner flask and equipped 
with overhead stirrer. The filter cake was slurry washed with portions of DMF (60ml) until 



the pH of the filtrate was <8 as indicated by moistened pH paper. 



Step 2 

Fmoc-Lvs(Fmoc)-OH coupling 

N-Hydroxybenzotriazole (HOBt) (2.27g, 16.7mmoi, 3.33 equiv.) was charged to 
a clean dry 250ml flask equipped with a magnetic stirrer. A protected lysine derivative 
25 Fmoc-Lys(Fmoc)-OH (7.38g, 12.5mmol, 2.50 equiv.), was added. This compound, of 
formula, 



wo 00/75171 PCT/GBOO/02007 

11 




is commercially available from suppliers of reagents and materials for peptide synthesis. 

The contents were then dissolved in DMF (50ml) and the solution chilled to 
betv^een 0-5°C. Diisopropylcarbodiimide (DIG) (1.75g, 2.18ml, 13.8mmol, 2.75 equiv.) 
5 was added whilst keeping the solution below 5°C. The mixture was stirred for 10 minutes 
at 0-5°C. 

A slight nitrogen/argon pressure was applied to the resin product of Step 1, and 
the mixture added to it with a DMF (5ml) rinse and stir. After 5 minutes, extra DMF 
(50ml) was added to allow mobilisation of the resin. The mixture was then left for 1 hour. 

10 Completion of the reaction was checked by removing approximately 5 mg of beads from 
the resin bed and carrying out a Kaiser test. In this test, ninhydrin (5% w/v in n-butanol, 
6 drops) and phenol (80% w/v in n-butanol, 6 drops) are added to the test tube 
containing the beads to be tested and heated to lOO^'C for 5 minutes. A positive result 
was indicated by a blue colouration of the beads and/or the solution is observed. A 

1 5 negative result was indicated when the blue colour of the beads and solution is not seen. 
The product was filtered under vacuum and slurry washed with DMF (10 x 50ml). 

The Fmoc protecting groups were then removed by addition of piperidine (20% 
v/v in DMF, 80ml) followed by a vacuum filtration step, a procedure which was effected 
twice (3 and 7 minute treatments). The product was then washed with DMF (5 x 80ml). 

20 After each wash, a vacuum filtration step was effected. HOBt (10% w/v in DMF, 80ml) 
was added with stirring. After 5 minutes, further DMF was added as required to mobilise 
the resin which was stirred for a further 15 minutes and then filtered under vacuum. 

A solution of HOBt (10% w/v in DMF, 80ml) was stirred for 5 minutes after which 
sufficient extra DMF was added so as to mobilise the resin, which was then stirred for a 

25 further 15 minutes. The product was filtered under vacuum and slurry washed with DMF 
(5 X 80mi) until the filtrate had a pH <8 as indicated by moistened pH paper. 
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Step 3 

rr. .^u^.^ rr^^-^ i ..^/r:^^^\ r^u /-^ — .. — i: 

[ ui u ici 1 lhui^-l.v:jU niuo;-wri v^uupiiiiM 

To a clean dry 250ml flask equipped with a magnetic stirrer was added HOBt 
(4.55g, 33.3mmol, 6.67 equiv.) and Fmoc-Lys(Fmoc)-OH (14. 8g, 25mmol, 5.0 equiv.) 
which were dissolved in DMF (75ml). The solution was cooled to 0-5°C and DIC (3.51g, 
4.35mL 27.5mmol, 5.5 equiv.) added whilst keeping the solution below 5°C and stirring 
for 10 minutes, 

A slight nitrogen/argon pressure was applied to the resin from Step 3 and the 
resultant cooled solution added to the resin with a DMF (5ml) rinse and stirring. After 5 
minutes, extra DMF (50ml) was added and the mixture left for 1 hour. Completion of the 
reaction was checked by removing approximately 5mg of beads from the resin bed and 
carrying out a Kaiser test. The product was filtered under vacuum and slurry washed with 
DMF (10 X 80ml), deprotected using piperidine (20% v/v in DMF) and HOBt added as 
described in Step 2. The reaction here can be illustrated by the following scheme: 
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Fmoc-NH 



-NHCO. 



PL-DMA 



Activated Fmoc-Lys(Fmoc)-OH 




NHCO- 



PL-DMA 



H N 



Pipendine in DMF 




CONH 



•-NHCO- 



PL-DMA 



Fmoc 



Fmoc 



NH 



CONH 




Activated Fmoc-Lys{Fmoc)-OH 



-NHCO- 



PL-DMA 



The final deprotected branched lysine construct can be written in the simplified 
fornn as follows. 
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-Lys- 



H — Lys — Lys-NH. 
H_ 



'NHCO- 



PL-DMA 



Step 4 

Fmoc-LinkerAm-OH Coupling 
5 HOBt (9.1 Og, 66.7mmol, 13.3 equiv.) and Fmoc-LinkerAm-OH (27. Og, SO.Ommol, 

10.0 equiv.) were added to a clean dry 250ml flask equipped with a magnetic stirrer and 
dissolved in DMF (60ml). The Fmoc-LinkerAm-OH was of structure 




o 



The solution was chilled to 0-5°C and DIG (7.01 g, 8.70ml, 55.0mmol, 11 equiv.) 
10 added whilst keeping the solution below S^'C. The mixture was stirred for 10 minutes at 
0-5°C, after which it was added to the resin of Step 3 to which a slight nitrogen/argon 
pressure was added. 

This step is illustrated by the following scheme: 
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Fmoc-Linker-Am 



Fmoc-Linker-Am Lys 

I H 

Fmoc-Linker-Am Lys Lys — N. 

Fmoc-Linker-Am 1 



NHCO- 



PL-DMA 



The completion of the reaction was checked by removing approximately 5mg of 
beads from the resin bed and carrying out a Kaiser test. The product was then washed 
and deprotected as described in Step 2. This functionalised resin was then ready for 
peptide synthesis. 

Example 2 

Step 1 

Peptide Fmoc-Papa-OH Coupling 

2-(1 H-Benzotriazole-I -yl)-1 , 1 ,3,3-tetramethyluronium tetrafluoroborate (TBTU) 
(15.4g, 47.5mmol, 9.50 equiv.) was added to a clean dry 250ml flask equipped with a 
magnetic stirrer. To this was added a protected amino acid Fmoc-Papa-OH of structure 




(18.9g, SO.Ommol, 10.0 equiv.) and the reagents dissolved in DMF (70ml). After chilling 
the solution to O-S^'C, diisopropylethylamine (DIPEA) was added (7.75g, 10.4ml, 
eo.Ommol, 12 equiv.) whilst keeping the solution below 5°C. The mixture was stirred for 
10 minutes at 0-5''C and then added to the resin from Example 1 under a slight 
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nitrogen/argon pressure, together with a DMF (5ml) rinse and stirring. The completion of 
the reaction was checi^ed by removing apptoxirnately 5rng of beads from the resin bed 
and carrying out a Kaiser test. The product was then washed and deprotected as 
deschbed in Example 1 Step 2 above. Fmoc-Papa-OH was obtained as follows:- 

5 

Fmoc-Papa-OH 

To a slurry of 4-aminophenylacetic acid (Papa) (30. Og, 19.5mmole, 1.0 equiv.) in 
acetone (600ml) and aqueous sodium bicarbonate (36.13g. 428mmole, 2.2 equiv. in 
600ml water) was added 9-fluorenylmethyl-succinimidyl carbonate (Fmoc-OSu) (70. 3g, 

10 204mmole, 1.05 equiv.) with stirring. After stirhng overnight at room temperature the 

resulting slurry was acidified with concentrated hydrochlonc acid (42.3ml, 486mmole, 2.5 
equiv.) and the product extracted at 45''C into n-butyl acetate (2 x 600ml) when the 
organic extract was washed twice at 45°C with water (2 x 300ml), distilled under vacuum 
on a steam bath to 450ml and crystallised over 2 hours to room temperature. The 

15 crystalline product was isolated and washed twice with n-butyl acetate (2 x 120ml) and 
dhed at 60°C in a vacuum oven. Yield 67. 2g (92%) 



Step 2 

Fmoc-Ala-OH Coupling 
20 In the next stage, HOBt (9.10g, 66.7mmol, 13.3 equiv.) and Fmoc protected 

alanine (Fmoc-Ala-OH) of formula 




(16.6g, 50.0mmol, lO.Oequiv.) was added to a clean dry 250ml flask equipped with a 
magnetic stirrer. The reagents were then dissolved in DMF (60ml) and chilled as before 

25 to 0-5^C. DIG (7.01 g, 8.70ml, 55.0mmol, 11 equiv.) was added with stirring (10 minutes) 
whilst keeping the solution below 5*^0. 

The solution was then added to the product of Step 1 under a slight 
nitrogen/argon pressure, and hnsed and stirred in the presence of DMF as described in 
Step 1 . The completion of the reaction was checked by removing approximately 5mg of 

30 beads from the resin bed and carrying out a Kaiser test. The product was washed with 
DMF (5 X 100ml). Acetic anhydride (10% v/v in DMF, 100ml) was added and the mixture 
stirred for 1 hour. This capped any residual aniline groups. There followed further 
washing with DMF, deprotection with piperidine in DMF and further DMF washing as 
described above. 



35 
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Step 3 

FmoG-Arn(Pbf)-OH Coupling 

In this coupling, HOBt (9.10g, 66.7mmol, 13.3 equiv.) was used together with 
Fmoc-Arg(Pbf)-OH (33. 9g, SO.Ommol, 10.0 equiv.) of formula 



dissolved in DMF (80mi) as the starting material. The solution was cooled to between 0- 
5°C and DIG (7.01g, 8.70ml, 55.0mmol, 1 1 equiv.) added whilst keeping the solution 
below 5^C with stirring for 5 minutes. The product was added to the resin of Step 2 
under a slight pressure of nitrogen/argon with a DMF (5ml) rinse and stir. 

After 5 minutes extra DMF (30ml) was charged as required to mobilise the resin 
and this mixture was left for 1 hour. The completion of the reaction was checked by 
removing approximately 5mg of beads from the resin bed and carrying out a Kaiser test. 
Washing with DMF and deprotection with piperidine in DMF was effected as described 
above in Example 1 Step 2. 

Step 4 

Fmoc-Ala-OH Coupling 

Step 2 was repeated in order to link a further alanine residue to the developing 

peptide. 
Step 5 

Fmoc-Lactam Coupling 

A further coupling reagent sample was prepared by dissolving HOBt (9.10g, 
66.7mmol, 13.3 equiv.) and (2S)-2-[(3R)-3-(N-[9-fluorenylmethytoxycarbonyl]amino-2- 
oxopyrrolidin-1-yl]propionic acid (19. 9g, SO.Ommol, 10.0 equiv.) of formula 
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H II 

O 



obtained as described in WO 97/31023, in DMF (70ml) in a clean dry 250ml flask 
equipped with a magnetic stirrer. After chilling to O-S^'C, DIG (7.01g, 8.70ml, 55.0mmol, 
1 1 equtv.) was added with stirring for 10 minutes whilst keeping the solution below 5°C. 
5 The solution was then charged to the product of Step 4 under a small pressure 

of argon/nitrogen with a DMF (5ml) rinse and stir. After 5 minutes, extra DMF (30ml) was 
added to mobilise the resin which was then left for 1 hour. The completion of the reaction 
was checked by removing approximately 5mg of beads from the resin bed and carrying 
out a Kaiser test. 

10 Solvent was then removed under reduced pressure and the product treated with 

DMF and piperidine in DMF as described in Example 1 Step 2. The resin was then 
filtered under vacuum. 

Step 6 

15 Fmoc-Ala-OH Coupling 

A further Fmoc protected alanine residue was coupled next by repeating the 
process of Step 2 above. 

Step 7 

20 Fmoc-Arq(Pbf)-OH Coupling 
Step 3 was repeated. 

Step 8 

Fmoc-Ala-OH Coupling 
25 The coupling of Step 2 was repeated. 

Step 9 

Phv-OH Coupling 

In this coupling, the initial solution comprised HOBt (9.10g, 66.7mmoI, 13.3 
30 equiv.) and 5-phenylvaleric acid ( Phv-OH) (9.00g, SO.Ommol, 10.0 equiv.) dissolved in 
DMF (70ml). 

After chilling the solution to O-S'^C, DIC (7.01g, 8.70ml, 55.0mmol, 1 1 equiv.) 
was added with stirring for 10 minutes whilst keeping the solution below -5°C. The 
solution was applied to the resin of Step 8 which had been kept under the slight 
35 nitrogen/argon pressure, together with a rinse solvent comprising DMF (5 ml) with 

stirring. After 5 minutes, extra DMF (80ml) was added to mobilise the resin which was 
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then left for 1 hour. A Kaiser test as described above was effected to check completion 
of the reaction and the solvent was removed under reduced pressure- 
After slurry washing the product, first with DMF (10 x 175ml) and then with 
diethyl ether (5 x 175ml), it was dried using a nitrogen purge on a sintered funnel for 10 
5 minutes. Further drying was earned out at 40°C in a vacuum oven overnight to constant 
weight. 

Example 4 

Cleavage and Analysis of product 
10 The resin product from Example 3 (6.6g) was transferred to a 250ml flask and 

triethylsilane in trifluoroacetic acid (TFA) (10% v/v, 132ml) added rapidly in one portion. 

The mixture was stirred for 2 hours, then filtered and the residue washed with 

triethylsilane in TFA (10% v/v, 2 x 50ml). After evaporation of the filtrate to dryness on a 

rotary evaporator at 40°C, diethyl ether (100ml) was added and the mixture stirred 
15 vigorously for 14 hours to precipitate the peptide. The precipitate was filtered on a 

sintered funnel, washed with diethyl ether (3 x 30ml) and air dry on the sinter for 5 

minutes. Further drying was carried out overnight at 40°C in a vacuum oven. The target 

peptide (Scheme 1) was obtained. 

In an alternative cleavage process, the resin product from Example 3 (20. Og, 
20 2.271 mmol) was added to a reactor and a slight nitrogen pressure applied. Triethylsilane 

(40.0ml) and di-n-butyl ether (40. 0ml) were added and the contents were agitated at 0°C. 

Cooling was maintained in order to control the exotherm of the reaction and to limit 

impurity formation. TFA (300ml) was added over a period of 1 hour and the mixture then 

agitated for 16 hours at O^C. 
25 The resultant suspension was then filtered under vacuum, washed twice with 

TFA (100ml), and the wash materials and the filtrate combined, TFA was then distilled off 

under reduced pressure at 25°C until only a trickle distilled. 

The concentrate obtained was added to rapidly agitated diiso-propyl ether 

(400ml) and the mixture stirred for 30 minutes at ambient temperature. The precipitate 
30 was collected by filtration, washed with diiso-propyl ether (100ml) and the cake 

deliquored. The wash and deliquor step was repeated once and the product dried at 

40°C in a vacuum oven for 2 hours. 

9.97g of peptide was obtained. 
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Scheme 1 



{R^HN],RicO,H 



+ (HjN)^ K^^ — |- S 



[II] 



([R^HN], R1CONH), R3- 



[I] 



[III] 

deprotection 



([H2N],RiCONH)pR3 
[IV] 



+ [R^HNj^RZCOjH 
[V] 



( {[R5HN]^R2cOHN}, R1C0NH),R3 



[VI] 



deprotection 



({[H2N]„R2cOHN}, RiCONH),R3- 



[VII] 



({[LHN]JR2cOHN}^RiCONH)p R^ 

[IX] 



'■ HL 
[VIII] 
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Scheme 2 



PA -DMA resin) 

i) Fmoc-Lys{Fmoc)-OH, 
Die, HOBt, DMF; 

ii) Piperidine. DMF. 

i) Fmoc-Lys(Fnnoc)-OH, 
DIG. HOBt. DMF; 

ii) Piperidine, DMF. 

JE 

i) Fmoc-LinkerAm-OH, 
Die. HOBt. DMF; 

ii) Piperidine, DMF. 

i) Fmoc-Papa, 
TBTU, DIPEA. DMF; 

ii) Piperidine, DMF. 

i) Fmoc-Ala-OH, 
DIG. HOBt. DMF; 

ii) AC2O, DMF; 

iii) Piperidine, DMF. 

i) Fmoc-Arg(Pbf)-OH. 
DIG, HOBt. DMF; 

ii) Piperidine, DMF. 

i) Fmoc-Ala-OH. 
DIG. HOBt. DMF; 

ii) Piperidine, DMF. 

55 

i) Fmoc-Lactam, 
DIG. HOBt, DMF; 

ii) Piperidine, DMF. 


i) Fmoc-Ala-OH, 
DIG, HOBt, DMF; 

ii) Piperidine, DMF. 



i) Fmoc-Arg(PbO-OH. 
DIG, HOBt. DMF; 

ii) Piperidine, DMF. 

i) Fmoc-Ala-OH, 
DIG. HOBt, DMF; 

ii) Piperidine, DMF. 



t) Phv-OH, DIG. 
HOBt, DMF. 



i) EDA 



EDA-PA 

Lys-EDA-PA 
(Lys)2-Lys-EDA-PA 
(LinkerAm)4-{Lys)2-Lys-EDA-PA 

( Papa-Lin kerAm)^-{Lys)2- Lys-EDA-PA 

(Ala-Papa-LinkerAm)4-(Lys)2-Lys-EDA-PA 
(Arg(Pbf)-Ala-Papa-LinkerAm)4-(Lys)2-Lys-EDA-PA 

(Ala-Arg(Pbf)-Aia-Papa-LinkerAm)4-(Lys)2-Lys-EDA-PA 
(Lactam-Ala-Arg(PbO-Ala-Papa-LinkerAm)4-(Lys)2-Lys-EDA-PA 

(Ala-Lactam-Ala-Arg(Pbf)-Ala-Papa-LinkerAm)4-(Lys)2-Lys-EDA-PA 

(Arg(Pbf)-Ala-Lactam-Ala-Arg(Pbf)-Ala-Papa-LinkerAm)4-(Lys)2-Lys-EDA-PA 
(AIa-Arg(Pbf)-Ala-Lactam-Ala-Arg(Pbf)-Ala-Papa-LinkerAm)4-(Lys).-Lys-EDA-PA 
(Phv-Ala-Arg(Pbf)-Ala-Lactam-Ala-Arg(Pbf)-Ala-Papa-LinkerAm)4-(Lys)2-Lys-EDA-PA 
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Scheme 2 (continued) 



i) TFA / triethylsilane 
(90:10, 20 vol. 0 °C); 

ii) Diethyl ether (precip ). 



Phv-Ala-Arg-Ala-Lactam-Ala-Arg-Ala-Papa-NH^ ,2 TFA 



iii) HPLC (MeCN. H2O. 
NH^OAc, HOAc, pH 5). 



Phv-Ala-Arg-Ala-LactanrvAla-Arg-Ala-Papa-NHj .2 AcOH 



PA = Polyamide sarcosine resin, solid support 
EDA = Ethylenediamine 

Lys = Lysine (used twice to increase resin capacity x 4) 
LinkerAm = Acid labile linkage agent 
Phv-OH = 5-Phenylvateric acid 
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CLAIMS 

1. A method for preparing a solid support material for carrying out a chemical 
reaction, said method comphsing the following steps: 

(i) reacting an amino functionalised solid material with a carboxylic acid having 
at least two similarly protected amino groups to form amide bonds between 

5 them, 

(ii) removing protecting groups in a single step, 

(iii) optionally repeating steps (i) and (ii) one or more times using the product of 
the preceding step as the amino functionalised solid material, and 

(iv) connecting a linkage agent to at least some of the free NH2 groups of the 
10 product. 

2. A method according to claim 1 wherein the said carboxylic acid comprises an 
amino 



15 



acid. 

3. A method according to claim 2 wherein the amino acid is lysine or ornithine. 



4. A method according to claim 1 or claim 2 wherein the amino functionalised solid 
matehal is obtained by reacting an acid or ester substituted support with a compound of 

20 formula (X) 

H,N-[(R«),NH)]y(R«),-NH3 
(X) 

where x is an integer of 2 or more, y is 0 or an integer of 1 or more, and each group z is 
independently 2 or more, and each and R^ are the same or different and are optionally 
25 substituted divalent hydrocarbyl groups. 

5. A method according to claim 4 wherein the compound of formula (X) is ethylene 
diamine. 

30 6. A solid support material obtainable by the method of any one of the preceding 
claims. 

7. A solid support material comprising a compound of formula (IX) 
({[LHN]JR2cOHN},RiCONH)p - 

[IX] 

35 wherein S is a solid polymer core; 
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is a organic moiety with n + 1 available points for bonding: 
is an organic moiety with m -t- 1 available points for bonding; 

R^ is either a bond or an organic bridging group; 

R"^ and R^ are protecting groups; 

L is a linkage agent, or a protected form thereof; 

p is an integer of 1 or more, provided that p is 1 when R^ is a bond; and 
n and m are independently selected from integers of 2 or more. 

8. A compound of formula (XIII) 



({[R20HN]^R2CONH}nRiCONH)pR3 



XIII 

wherein S, R\ R^, R^, n, m and p are as defined in claim 7, and R^° is hydrogen or an 
amino protecting group. 

15 9. A method for preparing a compound, which method comprises binding a reagent 

to a linkage agent of a support material according to claim 6 or claim 7, effecting one or 
more reaction steps to generate product, and thereafter cleaving said product from the 
support materiaL 

20 10. A method according to claim 9 wherein the product is a therapeutic peptide. 

11. A method according to claim 10, wherein the therapeutic peptide is 

Phv-Ala-Arg-Ala-Lactam-Ala-Arg-Ala-Papa-NH2 
or a pharmaceutically acceptable salt thereof. 

25 

12. A method for preparing a peptide which comprises coupling a protected amino 
acid to a linkage agent immobilised on a solid support, deprotecting the amino acid and 
thereafter coupling a further protected amino acid to said first amino acid and repeating 
said process until the desired peptide is produced, and thereafter cleaving the peptide 

30 from the solid support, characterised in that, where the amino acid is a protected 4- 

aminophenyl acetic acid (PAPA), the coupling agent is 2-(1 H-benzotnazole-1-yl)-1 ,1 ,3,3- 
tetramethyluronium tetrafluoroborate (TBTU) and the coupling is effected in the presence 
of diisopropylethylamlne (DIPEA). 



35 



13. A method according to claim 12, wherein for couplings where the amino acid is 
other than a protected 4-aminophenyl acetic acid (PAPA) a coupling reagent comphsing 
a carbodiimide is employed in the presence of a compound that forms an active ester. 
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14. A method according to claim 12 or 13, wherein the solid support comprises a 
solid support matGrial accordinQ to claim 6 or claim 7. 
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Inventive step (IS) 


Yes: 
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Industrial applicability (lA) 


Yes: 
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2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
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Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, Inventive step or 
industrial applicability; citations and explanations supporting such statement 
Re Item V 

1 . Reference is made to the following documents: 

D1 : EP-A-0 884 327 (THE SCHOOL OF PHARMACY, UNIVERSITY OF 

LONDON) 16 December 1998 (1998-12-16) 
D2: WO 95 00540 A (R WEBBER ) 5 January 1 995 (1 995-01 -05) 
D3: WO 94 02506 A (THE SCHOOL OF PHARMACY, UNIVERSITY OF 

LONDON) 3 February 1994 (1994-02-03) 
D4: EP-A-0 360 062 (BAYER AG) 28 March 1990 (1990-03-28) 

2. The present application relates to a method for preparing a solid support material 
for carrying out a chemical reaction characterized by reacting an amino 
functionalised solid support with an amino acid having at least two amino moieties 
being similarly protected, deprotecting and attaching a linkage agent to said 
deprotected amino functions. 

3. D4 discloses a process for preparing co(polyamides) by condensing e.g. diamine 
and dicarboxylic acids. D4 is thus not believed to have a particular relevance for 
the presently claimed method (see paragraph 2). 

4. The disclosure of D1 (referring to polymers for use as carriers in targeted drug 
delivery) differs from what is presently claimed by reacting an amino 
functionalised solid support (see (R)-NH-Gly-NHBoc) with an amino acid being 
differently protected (in order to build up different dendrons). The linkage agent is 
represented by free amino groups. 

5. D2 discloses a carrier for delivery of biologically active components to an 
organism, which is principally built up in a similar manner than does the support of 
the present application, i.e. a series of peptides having a pair of ends capable of 
serving as branch sites (e.g. Lys) bound to an resin in order to prepare a 
branched carrier bearing a high number of terminal linkage agents. 
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6. D3 (also referring to polymers for use as carriers in targeted drug delivery) again 
refers to the same principle then do D1 , D2 and the present application: a 
branched terminal functional groups bearing solid supports for carrying out a 
chemical reaction (here the linkage of a peptide antigen thereto). However D3 
introduces a novel feature, which is the lipid anchor having a spacer function. 

7. The problem underlying the present alleged invention is thus the provision of a 
multi-functionalised solid support for carrying out a chemical reaction having an 
increased loading capacity. 

Documents D1 to D3 thus refer to a different field. Moreover no motivation can be 
identified from the teaching of said documents which would obviously lead the 
skilled person to a solid support according to the present application which 
properties are modified so as to increase its loading capacity. 

Re Item VII 

Certain defects in the international application 

Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art 
disclosed in the documents D1 to D3 are not mentioned in the description, nor are 
these documents identified therein. 

Re litem Vlll 

Certain observations on the international application 

No unified criteria exists in the PCT as to the acceptance of documents being 
"incorporated by reference" in an application. The EPO for example request these 
references to be deleted from the description in case such publications (and other 
material) are not essential for carrying out the invention. If, however, it turns out 
that said publications and other materials are in fact essential for carrying the 
invention, the EPO requests them/it to be expressly incorporated into the 
description. Such incorporation is, however, subject to the restrictions as listed in 
the decision T669/90, OJ 10/93, 616, of the EPO's Technical Board of Appeal. 
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CLAIMS 



1. A method for preparing a solid support material for carrying out a chemical reaction, said 

method comprising the following steps: 

(!) reacting an amino functionalised solid material with a carboxylic acid having at least 
two sfmilarly protected amino groups to form amide bonds between them, 
(H) removing protecting groups in a single step, 

(ill) optionally repeating steps (!) and (il) one or more times using the product of the 
preceding step as the amino functionalised solid material, and 
(iv) connecting a linkage agent to at least some of the free NH2 groups of the product. 



A method according to claim 1 wherein the said carboxylic acid comprises an amino 
acid. 

A method according to cJaim 2 wherein the amino acid Is lysine or ornithine. 



4. A method according to claim 1 or claim 2 wherein the amino functionalised solid 
material is obtained by reacting an acid or ester substituted support with a compound of 
formula (X) 

H2N-t(R«),NH)],(R«"),^NH2 
(X) 

where x is an integer of 2 or more, y is 0 or an integer of 1 or more, and each group z is 
independently 2 or more, and each R** and R^'are the same or different and are optfonsiiy 
substituted divalent hydrocarbyJ groups. 

5. A method according to claim 4 wherein the compound of formula (X) Is ethylene 
diamine. 

6- A soild support material obtainable by the method of any one of the preceding claims. 
7. A solid support material comprising a compound of formula (IX) 



({[LHN3^2COHlM}„RiCONH)p — f- S 

m 
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wherein S Is a solid polymer core; 

is a organic moiety with n + 1 available points for bonding: 
R"" Is an organic moiety with m + 1 available points for bonding; 

is either a bond or an organic bridging group; 
L is 3 Ifnl^age agent, or a protected form thereof; 

p is an integer of 1 or more, provided that p is 1 when Is a bond; and 
n and m ane independently selected from integers of 2 or more. 

8. A compound of formula (Xf II) 

({[R20HNl^R2CONH}„RiCONH)pR3 — [s] 

xm 

wherein S, R\ R^ n, m and p are as defined in claim 7, is either a bond or an 
organic bridging group formed by reaction of acid or ester functionalities at the surface of S with 
an amine of formula pC) 

H2N-[(R*},NH)]y{R«VNH2 
(X) 

where x is an integer of 2 or more, y is 0 or an integer of 1 or more, each group z is 
Independently 2 or more, and each R° and R'^^are the same or different and are optionally 
substituted divalent hydrocarbyl groups and R^** is hydrogen or an amino protecting gnDUp. 

9. A method for preparing a compound, which method comprises binding a reagent to a 
linkage agent of a support material according to claim 6 or claim 7, effecting one or more 
reaction steps to generate product, and thereafter cleaving said product from the support 
material. 

10. A method according to claim 9 wherein the product is a therapeutic peptide. 

11. A method according to claim 10. wherein the therapeutic peptide Is 

Phv-Ala-Arg-Ala-Lactam-Ala-Arg-Ala-Papa-NHz 
or a pharmaceutically acceptable salt thereof. 

12. A method for preparing a peptide which comprises coupling a protected amino acid to a 
linl^age agent immobilised on a solid support, deprotecting the amino acid and theneafler 
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coupling a further protected amino acid to said first amino acid and repeating said process until 
the desired peptide is producsd, and thereafter cleaving the peptide from the solid support, 
characterised in that, where the amino acid Is a pnDtected 4-aminophenyl acetic acid (PAPA), 
the coupling agent is 2-{1H-ben20tria2ole-1-yl)-1,1,3,3-tetramethyluronium tetrafluoroborate 
(TBTU) and the coupling is effected in the presence of diisopropylethylamfne (DIPEA). 

13. A method according to claim 12. wherein for couplings where the amino acid is other 
than a protected 4-amlnophenyl acetic acid (PAPA) a coupling reagent comprising a 
carbodlimide is employed in the presence of a compound that forms an active ester. 

14. A method according to claim 12 or 13, wherein the solid support comprises a solid 
support material according to claim 6 or claim 7. 
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CLAIMS 



1 . A method for preparing a solid support material for carrying out a chemical 
reaction, said method comprising the following steps: 

(i) reacting an amino functionalised solid material with a carboxylic acid having 
at least two similarly protected amino groups to form amide bonds between 
them, 

(ii) removing protecting groups in a single step, 

(iii) optionally repeating steps (i) and (ii) one or more times using the product of 
the preceding step as the amino functionalised solid material, and 

(iv) connecting a linkage agent to at least some of the free NH2 groups of the 
product. 

2. A method according to claim 1 wherein the said carboxylic acid comprises an 
amino 

acid. 



3. A method according to claim 2 wherein the amino acid is lysine or ornithine. 

4. A method according to claim 1 or claim 2 wherein the amino functionalised solid 
material is obtained by reacting an acid or ester substituted support with a compound of 
formula (X) 

H2N-[(R«),NH)],(R«'),-NH2 
(X) 

where x is an integer of 2 or more, y is 0 or an integer of 1 or more, and each group z is 
independently 2 or more, and each and R^'are the same or different and are optionally 
substituted divalent hydrocarbyl groups. 

5. A method according to claim 4 wherein the compound of formula (X) is ethylene 
diamine. 



6. A solid support material obtainable by the method of any one of the preceding 
claims. 



7. A solid support material comprising a compound of formula (IX) 
({[LHN]JR2cOHN},R^CONH)p — f ^ 



[IX] 

wherein S is a solid polymer core; 
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is a organic moiety with n + 1 available points for bonding: 
is an organic moiety with m + 1 available points for bonding; 

R^ is either a bond or an organic bridging group; 

R"* and R^ are protecting groups; 

L is a linkage agent, or a protected form thereof; 

p is an integer of 1 or more, provided that p is 1 when R^ is a bond; and 
n and m are independently selected from integers of 2 or more. 



A compound of formula (XIII) 

({[R20HN]^R2CONH}nRiCONH)pR3 



XIII 

wherein S, R\ R^ R^ n, m and p are as defined in claim 7, and R^° is hydrogen or an 
amino protecting group. 

15 9. A method for preparing a compound, which method comprises binding a reagent 

to a linkage agent of a support material according to claim 6 or claim 7, effecting one or 
more reaction steps to generate product, and thereafter cleaving said product from the 
support material. 



20 10. A method according to claim 9 wherein the product is a therapeutic peptide. 



11. A method according to claim 10, wherein the therapeutic peptide is 

Phv-Ala-Arg-Ala-Lactam-Ala-Arg-Ala-Papa-NH2 
or a pharmaceutically acceptable salt thereof. 

25 

12. A method for preparing a peptide which comprises coupling a protected amino 
acid to a linkage agent immobilised on a solid support, deprotecting the amino acid and 
thereafter coupling a further protected amino acid to said first amino acid and repeating 
said process until the desired peptide is produced, and thereafter cleaving the peptide 

30 from the solid support, characterised in that, where the amino acid is a protected 4- 

aminophenyl acetic acid (PAPA), the coupling agent is 2-(1H-benzotriazole-1-yl)-1 ,1 ,3,3- 
tetramethyluronium tetrafluoroborate (TBTU) and the coupling is effected in the presence 
of diisopropylethylamine (DIPEA). 



35 



13. A method according to claim 12, wherein for couplings where the amino acid is 
other than a protected 4-aminophenyl acetic acid (PAPA) a coupling reagent comprising 
a carbodiimide is employed in the presence of a compound that forms an active ester. 
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14. A method according to claim 12 or 13, wherein the solid support comprises a 
solid support material according to claim 6 or claim 7. 
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